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The investigated Eharga-Dakhla Oases arm comprises mmnly a part of 
the Western DestW of Egypt covering some 200,000 bn* betueen the 
following coordinates Longitude gS"oo r E and Latitude ipo&N* 
Longitude iT'oo’E and Latitude j6”ooW. Longitude yfoo’R (aid 
Latitude i^'no'iV, Longitude sT'oo'R and Latitude ijfooW; Longitude 
iToo'L and Latitude r.foo'N, and Longitude nToo'E and Lcdiiitdc 
j foo'N, 

LANDSAT- t satellite images interpretation has hem carried out in 
their four spectral hands hi block and white transparencies as well as 
for the false colour composites. 

Accordingly, new geological^ structural Hnenlion and drainage maps 
are constructed on a scale of c 0 *$00,000, Jdagrains and. curves for the 
lineaments of the investigated area are made to help in the understanding 
of its geological structure. The new maps and studies are elaborated to 
help the land rwhn nation /wofeets in the investigated area. 


abstract 


Chapter I 


Drainage 

Geomorphology 

and 


orms 


The general geomorphological features of the area under investigation 
are found to be closely related to the lithology and structure of the 
rock exposures, as well as the erosional characteristics of desert regions. 
The Khai'ga-Dakhla Oases area is divided into the following main geo- 
morphological units (Fig, 5) : 

I. El Shaghab-El Nazzi Hills 

II. West Thebes Plateau 

III. Kharga Oasis 

IV. El Kharafish-Abu Tartur Plateau 

V. Eakhla Oasis 

VI. West Kharga Oasis Plain. 

These geomorphological units are normally well defined and the 
boundaries among them are established in the reference to the natural 
geographical features characterizing the investigated area ; including 
the River Nile, the depressions, the plateaux with steep escarpments and 
the extensive sand sheets. 

From the interpretation of LANDSAT-1 satellite images covering 
the Kharga-Dakhla Oases area, numerous drainage lines have been trac- 
ed which are of local and regional importance. In the drainage map 
(Fig. 2), drainage lines are found to form different patterns of variable 
extension, density and texture according to the prevailing geological, 
structural and physiological features of the above mentioned geomor- 
phological units of the area. 
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The new drainage map reveals additional new data as well as some 
changes in various features of the investigated area when compared 
to the previously available regional maps of the same area. Among the 
numerous striking differences which have been visualized on the analysis 
of LANDSAT-1 satellite images are the following examples : 

1. Some changes of the River Nile course have been clearly dis- 
tinguished, identified and exactly followed. 

2. Certain low lands within the depressions of Kharga and Dakhla 
Oases are filled with water forming shallow lakes and water ponds sur- 
rounded by wetlands of moistened soil. 

3. The distribution and configuration of cultivated lands both along 
the studied part of the Nile Valley and in the Kharga and Dakhla Oases 
have been exactly delineated. Moreover, it has been possible to disting- 
uish between the green and the dry cultivation in March 1973. 

4. The sand dune belts have been re-delineated and they appear 
to have undergone changes in their shape, sifce and extension, especial- 
ly due to their migration eastwards by the action of the prevailing north- 
westernly winds. 

Numerous drainage lines have been traced in the new drainage map 
allover the investigated area showing different patterns according to the 
regional geological and structural features as well as the prevailing phy- 
siographical conditions. 

The geomorphological unit to the east of the Nile Valley, namely 
El Shaghab-El Nazzi Hills, is characterized by a coarse dendritic pat- 
tern of wide drainage lines extending from the hilly country in the East- 
ern Desert westward^ to the River Nile. 

To the west of Nile Valley, the West Thebes Plateau unit, mainly 
constituted of limestone, is dissected by thin drainage lines running in 
various directions. Most of these wadis are long but rather narrow 
and extending generally in sub-parallel sets . Some of them are drain- 
ing eastwards to the River Nile, while others represent internal drain- 
age lines within the fractured and gravelly surface of the limestone 
plateau. 

The. escarpment overlooking the Kharga. Oasis eastwards extends 
in an almost N-S trend and is intensively dissected by fine dendritic 
drainage lines arranged in parallel to sub-parallel sets running towards 
the Kharga Oasis Depression. 

Some parallel to sub-parallel long drainage lines with a general E-W 
trend have been' distinguished on El Kharafish-Abu Tartur Plateau. The 
escarpment, defining the southern boundary of the plateau and in gen- 
eral terms the northwardly limits of the depressions, is intensely dis- 
sected by fine parallel drainage pattern extending generally southwards 
towards the depressions of Dakhla Oasis, Darb El-Ghabari and Kharga 
Oasis. 
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The West Kharga Oasis Sandy Plain, covered mainly by various 
Nubian Sandstone units, shows drainage patterns of several types, den- 
sities and directions, but most of them are draining internally. The re- 
latively long more or less E-W drainage lines in this plain are structur- 
ally Controlled by fractures of the same trend, while the NNW-SSE 
and the almost N-S lines are generally parallel to the commonly occur- 
ring sand dune belts though also appearing to be structurally controlled. 
Some of these parallel drainage systems are formed of fine and short 
dendritic tributaries. At the same time, some of the long drainage 
lines particularly those extending in the NNW-SSE trend are found 
to occupy the narrow low lands between the longitudinal sand dune 
belts. 

Moreover, the roughly NE-SW drainage present in the northeastern 
part of the plain under consideration is believed to be related to some 
axes of fold traces occurring in about the same trend. 

Kharga Oasis constitutes a natural excavation in the surface of the 
desert west of the Nile. It is elongated in a N-S direction, and it is bound- 
ed on the east, north and partly on the. west by precipitvous escarp- 
ments rising more than 300 m above the oasis floor. Within that de- 
pression and also within Dakhla Oasis Depression past wet climate and 
present prevailing aridity are manifested. The strong hydrographic 
pattern witnessed in the plateau and in the escarpments, and the domin- 
ance of the lacustrine and alluvial deposits, during the prevalence of 
the wet climatic conditions, indicate that the water action was also 
operative in the excavation processes of Kharga and Dakhla Oases 
beside the wind factor, both have acted on a basically favorable tectonic 
framework. 

The morphologic feactures displ ayed in Kharga Oasis are distinguish- 
ed into (1) the elevated plateau, (2) the foothill slopes, and (3) the 
Kharga Oasis Depression. 

The elevated plateau is dominated by calcareous rocks belonging 
mainly to the Early Eocene, l't rises to about 350 m above the low 
lying depression floor, and is dissected by a number of dry wadis direct- 
ed to the depression. The surface of this plateau is not smooth and it 
slopes regionally in the eastward direction following the general basinal 
structural condition to the east. The eastern plateau extends further to 
the east till it bounds the Nile Basin on the western side. The western 
plateau rises more than 400 m above the depression floor, and is domin- 
ated by Late Cretaceous chalky limestones. 

The transition from the plateau to the Kharga Oasis Depression 
is rapid and is marked by steep escarpments bounding the depression 
from the east, north and northwest. The southern and western boun- 
daries of the depression are ill-defined and the latter is quite open. 
These escarpments which represent the foot-hill slopes are occupied 
by softer beds belonging to the Late Cretaceous. The slopes are develop- 
ed in the eastern side steps. Low sand dunes are accumulated along 
the foot of these slopes. 


0 


Land forms 



El Shazly, Abdel Hady, El Kassas, Salman, El Amin, El Shazly and Abdel Megid 

The eastern escarpment runs almost in an N-S direction and is dis- 
sected by numerous gullies which are remnants of old drainage lines 
directed into the depression. In some places, e.g. east Bulacj and Baris, 
this trend is deviated into the ENE-WSW. 

The northern escarpment is marked by an upper steep face of white 
limestone. In the northwest, the slopes are irregular and much broken 
up. On the western side, the slopes are highly broken into a number 
of isolated hillocks and are largely covered by sands. 

Kharga Oasis Depression is elongated and runs in a N-S direction, 
and extends eastward to the foot of the escarpment situated at an eleva- 
tion of + 150 m above sea level. The land surface slopes gently towards 
the axial portion of the depression which is situated along the line ex- 
tending from El Maharig to Baris, at a rate of about 7 m/km. 

Within Kharga Oasis Depression two local sumps exist; one to the 
northeast of Gebel El Qarn where the elevation is about one meter 
above sea level and the other exists at Qasr El Zaiyan with a surface 
elevation of about +7 m. 

The surface is dotted by a number of elevated points which break 
the monotony of the scenery, e.g. Gebel Tarif (+430 m), Gebel El Teir 
( + 320 m), Gebel Tarawan ( + 150 m), Gebel Ghanima (+383 m) and 
Gebel E.1 Ghanayim ( + 375 m) . The surface is also dotted by a num- 
ber of low lying hills which are underlain by Nubian Sandstone at El 
Nadura, El Qarn, El Zaiyan and El Qala. 

The axial portion of Kharga Oasis Depression is essentially cover- 
ed by lacustrine deposits which are developed into extensive flats or 
occur in the form of isolated hammocks oriented in the N-S direction. 
These deposits represent the more suitable cultivable land in the 
depression which is also dominated by local marshes developed due to 
the misuse of groundwater. 

Outside the axial portion and due to its marginal portions, the 
surface of the depression is almost barren and merges into the ex- 
treme desert to the west. Generally, the depression is covered with 
sand accumulations in the form of crescentic sand dunes and sand 
sheets. 

Dakhla Oasis Depression is bounded on the northern side by a pre- 
cipitous escarpment which rises some 300 m above the depression floor 
and which marks the edge of the extensive limestone plateau rising 
about 400 m above sea level. 

Generally, the landscape in Dakhla Oasis is distinguished into : 
(lj the northern structural plateau, (2) the central piedmont plain, 
and (3) the southern structural plain. 

The northern structural plateau lies to the north of Dakhla Oasis 
Depression and extends northward to Farafra Oasis. The surface of 
such plateau is underlain by weathered resistant limestone and slopes 
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alluvial deposits comprising horizontal gravel terraces are existing. 
Down stream of these wadis, fan deposits are accumulated. 

The plateau constitutes a dead watershed and is dissected by a 
number of dry drainage lines directed to the depression, e.g. Wadi El 
Battikh, Wadi El Tawil and Wadi Budkhulu. Within these wadis young 
alluvial deposits comprising horizontal gravel terraces are existing, 
Down stream of these wadis, fan deposits are accumulated. 

The limestone of the plateau surface is underlain by shales and 
sandstone which constitute the face of the escarpment overlooking 
Dakhla Oasis Depression to the north. This escarpment runs almost 
in an E-W direction for about 200 km, but locally it shows a zigzag 
form, and in this respect it corresponds to minor structural undulations. 
This phenomenon is responsible for the development of long rocky ton- 
gues protruding into the depression. The face of the escarpment is 
developed in some localities into steps where they form secondary 
plateaux at lower altitudes. 

The piedmont plain represents the low area confined between the 
foot of the escarpment and the southern structural plain. The surface 
of this plain is dominated by destroyed lacustrine deposits which are 
developed into a variety of landforms. e.gv elongate hammocks, irregular 
gullies and barren mud flats. 

The northern portion of this plain, which occupies the narrow 
strip adjacent to the foot of the escarpment, is characterized by its 
undulating relief. The surface of this portion is barren with regard 
to vegetation and is dominated by stony soils. This surface is also 
dotted by few rocky hills which are detached from the plateau, e.g. 
Qaret El Mawhoub (Gebel Edmonstone ) . 

On the other hand, the central portion which occupies much of 
the Dakhla Oasis Depression runs in an E-W direction, and extends 
for a distance of about 100 km. This portion rises to 125 m above sea 
level, with some hillocks rising abruptly from the surface and reaching 
to 4- 150 m. The surface of this central portion of the piedmont plain 
is dominated by a variety of younger deposits, e.g. lacustrine clays, 
gravels of alluvial origin, eolian sands and saline deposits. These young- 
er deposits take a variety of landforms which are exemplified by the 
following : 

1. Clay hammocks 

Dominating the central portion of the depression, and composed of 
lacustrine deposits which are dominated by fine sand and gypseous clay. 

2. Sand dunes 

Existing in the western portion at El Qasr, El Qalamun, El Gidida 
and Budkhulu. The dunes are arranged into dune ridges which are most- 
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ly oriented in the NNW-SSE direction, and rise some 10 m above the 
surrounding surface, 

3. Flat playa surface 

Constituting the cultivable locations in the depression. Locally por- 
tions of such locations are transformed into sabkhas due to the pre- 
vailing aridity and the misuse of groundwater. 

The structural plain occupies much of the southern extension of 
Dakhla Oasis Depression, and is underlain by Nubian Sandstone, The 
surface, rising to more than + 200 m, is occasionally covered by drift 
sands in the form of extensive sheets. This surface is dissected by 
dry insequent wadis which are directed to the depression. 

From the hydrophy Biographical point of view, the elevated plateau 
m both Rharga and Dakhla Oases acting at present as an almost dead 
vvatei’-shed, was in late Tertiary and early Quaternary a widespread 
catchment area for local rainfall. The surface runoff water was directed 
principally to the low depression areas where fresh water lakes were 
formed. This water added much to the Nubian aquifer potentials, es- 
pecially the upper shallow aquifer. At the same time, after drying, 
lacustrine deposits are left behind, these forming now the base of the 
soil deposits which are under reclamation in the area of investigation. 
These deposits contain a considerable salt content leached from the ex- 
posed strata in the elevated plateau. The ground elevation in the cen- 
tral portion of the depression areas is below the static level of the ground- 
water, a condition which is responsible for the free flowage of ground- 
water. Due to this fact and under the present arid conditions, occa- 
sional salines and sabkhas have been formed. 

Along the stretch between Idfu and Qena, the River Nile passes 
through a relatively narrow wadi which is bounded on both sides by 
an elevated plateau. Between Idfu and Esna, this plateau is relative- 
ly low and is composed of tabular varicoloured Nubian Sandstone where 
it. varies in height from + 200 m to 300 m with a general gentle dip of 
1-3"NW. Due north and northwest of this land stretch, the Nubian 
Sandstone is covered by soft and easily denuded shaly beds, and the 
locality is deeply dissected by a network of ravines leaving hammocks, 
mounds and conical hills. On the west, this sandstone plateau is dissect- 
ed by some drj' wadis and their tributaries, e.g. Wadi Rimidin, Wadi 
Kheiber and Wadi El Raddah, which join the Nile Valley to the east. 
These wadis are characterized by the presence of gravelly terraces at 
levels higher than the wadis floors. 

Due north of Esna, the calcareous plateau is developed where the 
Nubian Sandstone bounding ciiffs disappear under young soft shaly 
beds and Eocene limestone. This calcareous plateau represents elements 
characterizing the arid regions, i.cl the crest, the scarp and the pied- 
mont. The limestone crest usually withstands denudation forming a 
cap rock of the highest peaks of the outlier resulting from wadi erosion. 
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Between novth Esn& and Qena io the oast of the Nile, and mainly south 
and east of Qena bend, a part of this limestone plateau differs geomor- 
phologieally from the rest of the plateau, where it is highly dissected 
forming a badland area and giving rise to some isolated peaks, e.g. 
«Jebel El Nivzzi (+670 ml, Gebel Serai ( 1*627 ml and Gebel Abu Had 
(f 595 in). The effect of erosion on the outcropping rock types re- 
sults in a landscape of desert, tables and pedestal rocks. The plateau 
here is dissected by numerous dry wadis, the most prominent of which 
are Wadi El Mndamud, Wadi Zeidun and further to the north Wadi 
Qena. Along the slopes of these wadis, gravelly deposits in the form 
of terraces are existing indicating several erosional and depositional 
stages governed by changes in the local base level. On the west of the 
River Nile, the limestone plateau is more prominent and runs conti- 
nuously bordering in some places the Nile itself, and rising some 400 m 
above it. 

The transition from the plateau into the wadi is marked by vertical 
Cliffs of barren rocks which show differential dissolutions and caves. 
The foot of these cliffs passes into the low lying flood plain through 
the piedmont plain, the surface of which is occupied by irregular rock 
fragments of different sizes, representing successive dowmvash deposits 
accumulated during phases of wet climatic conditions. 

The lowlands on both sides of the Nile course are occupied by the 
valley fill deposits which are differentiated into: 

4, The. Pliocene fluviatile conglomerates, sands and clays deposited 
at the confluences of the tributaries to the Nile, and existing at eleva- 
tions reaching + 160 m. 

2, The Plio-Pieistocene terraces deposits; fringing the escarpments 
on both sides of the Nile Valley, These are composed of conglomerates 
interbedded with gypsiferous and calcareous clays, sandstones, laminated 
shaly sands taid mixed gravels and sands with pebbles derived from the 
Nubian Sandstone, as well as the igneous and metamorphie rocks. The 
development of these terraces is controlled by changes in the base level, 
changes in the water volume and load, and changes in the hydrographic 
system of the Nile, 

3, The Holocene Nile silt forming the natural river banks. This 
Nile silt, constituting the flood plains, is constituted of very finely 
divided mineral matter, fine quartz sand and organic material, which 
were deposited by flood waters in the course of recent geological times. 
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The structural lineation map of the Kharga-Dakhla Oases area (Pig. 3), 
interpretea from LANDSAT-1 satellite images and corroborated by field 
investigations, shows many linear elements of structural significance. 
Some curved lineaments and circular features have been distinguished 
which are seemingly due to regional folding of the sedimentary cover. 

The studied area is dissected by 1510 fracture lines of various attitudes 
and ages where some of them can be considered as faults when associat- 
ed with either vertical or horizontal displacements while many other 
lineations represent joints and fractures. Most drainage lines usually 
follow the previously mentioned lineaments. Table 1 and Fig. 6 show 
the distribution according to number of all lineaments in relation to 
their azimuth direction. It has been found out that there are four pre- 
dominant sets of lineaments in the investigated area trending N15"W- 
S15"E representing 13.64% of all lineaments, N5 U W-S5°E representing 
9.80%, N15°E-S15°W making up 9.54% and N35"W-S35“E forming 8.86% 
of all lineaments. Some minor sets of lineaments are noticed in the 
N45 0 -55 r E-S45°55 0 W and in the E-W trends. However, there are cer- 
tain significant trends for the distribution of structural lineations 
in each geomorphological unit (Fig. 5) of the Kharga-Dakhla Oases 
area. On the other hand, the lineaments are greatly variable in their 
strike length from less than 1 km to more than 20 km (Table 2, Fig. 7) . 


Fractures 
(Including Faults) 




TABLE 1 : Azimuth frequency distribution of lineaments according to their number, in the Kharga-Dakhlo Oases crea. 


Unit 

Trend 

1 

Ei Shaghab- 
El Naxzi 
Hills 

11 

West Thebes 
Plateau - 

III 

Kharga Oosis 

IV 

El Khorafish- 
Abu Tartar 
Plateau 

V 

Dakhfq Oasis 

VI 

West Kharga 
Oosis 

Total 


No. 

% 

No. 

% 
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% 

No. 
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28 

6.36 

7 
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13 
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7 
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65 
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27 
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14 
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3 
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30 
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10 
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16 
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— 

— 

2 
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2 
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4 
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34 
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— 

— 

5 

1.61 

17 
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56 
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5 

2.78 

1 
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16 

5.16 
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98 

6.49 
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13 

2.96 

6 
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6 

5.00 

20 

6,45 

75 

1875 
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8.41 
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y .3 

5.00 

12 

2.73 

34 

18.88 

25 

20.84 

33 
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99 

2475 

206 

13.65 

N 0°-10"W ... ... 

1 

1.67 

30 

6.82 

56 

3141 

4 

333 

30 

9.68 

27 

6.75 
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9.80 
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3.33 

24 ; 
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25 

13.89 

6 

5.00 

41 

13.23 

31 

775 
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8.51 
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45 

10.22 

9 

5,00 

9 

7.50 

69 

22.26 

11 
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2 

3,33 

27 

6.14 

S 

4.44 

5 
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31 
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8 

2.00 

81 
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5 
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2 
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22 
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70 
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— 

— 

28 
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10 
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1.67 

15 

4.84 

18 

4,50 

73 

4.83 
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3.33 

28 
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6 

333 

1 
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5 
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19 

4.75 

61 
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5 
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25 

5.68 
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— 
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TABLE: 2 : Azimuth frequency distribution of strucfurol lineaments, according to their lengths, in the Kharga - Dakhla Oases area* 
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El Shngltnb-EI Nimi Hills 

I This part of the studied area is traversed by lineaments, especially 
those trending N55"W-S55"E and &25“W»S25 # E which show no parti- 
cular clear displacements. The part of the llivcr Nile passing' through 
the investigated area stretching from Idfu northwards to Qift seem- 
ingly coincide with linear elements trending mainly NNW-SSE, N-S and 
NNE-SSW. These lineaments greatly control the course of the Nile, 
and even the small sharp kinks encountered in its course. This observa- 
tion has also been reported before by the same authors along the length 
of the River Nile from Idfu to South of Aswan (El Slowly, Abdel-Hady, 
El Ghawaby and El Kassas, 1974 a and 1974 b). 

West Thebes Plateau 

This part of the investigated area is intensely traversed by many 
lineaments representing faults and fractures trending in various direc- 
tions for extensions ranging from 1 km to more than 125 km, though 
they constitute parallel sets of certain trends, On the basis of their 
number proportions there are three abundant sets of lineaments trend* 
ing N15''B-S15' W, N35"W-S35"E and N75"E-S75' WV However, according 
to their length proportions the three abundant sets of lineaments are 
those trending' N85"W-S85"B, N55''B-S55'W and N45 l ’W-S45"E. 


Kharga Oasis 

This depression is characterized by the presence of common line- 
aments representing long faults and fractures trending generally in a 
N-S direction with slight deviations towards the east or the west, The 
main sets arranged according to their abundance are those trending 
N5"W-S5 n E, N15"W-S15"E and N5 yE-S 5”W. The presence of the almost 
N-S faults and fractures in the Kharga Oasis agrees with the findings 
of previous workers, 

However, the present work, based on the interpretation of LAND- 
SATi-1 satellite images, yields greater number of lineaments, more exact 
delineation of these lineaments and their greater continuity along their 
strike in comparison to previous works. 

El Khanifish-Alm Tartu r Plateau 

Lineaments of considerable number and length proportions are com- 
mon in this plateau and they are found in two main trends of N15"W- 
S15 n B and roughly E-W directions. Moreover, minor sets are also observ- 
ed in the N60”-S0"W-SG0 o -S0°E and N75"B-S75"W trends. One of the im- 
portant long faults of the YVNW-ESB set is that roughly bounding the 
northwestern part of the escarpment. Another major fault line trend- 
ing ENE-WSW is nearly coinciding with the trace of the fold axis form- 
ing a nose at the western closure of Abu Tartur plateau. 
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Dakhla Oasis 

The most abundant set of lineaments traversing this part of the 
investigated area is trending N5 < T5 0 E-S5°-i5 l ’W in a very conspicuous 
manner, especially along the southern slopes of the escarpment stand- 
ing along the northern boundary of Dakhla Oasis Depression. Two 
other sets of lineaments are also common; namely those of N25“E-S25°W 
and N15°W-S15“E trends. Generally, these lineaments are relatively 
short and are almost traced in the exposed bed rocks around the plateau. 

Most of these linear elements are coinciding with parallel sets of fine 
dendritic drainage lines - trending southwards into the Dakhla Oasis 
Depression. 

West Kiiarga Oasis Plain 

This plain is found to be traversed by many linear elements which 
were not shown in previous publications. The delineated linear elements 
in this part of the studied area show an abundant set trending in the 
N15 t '-25 < ’W-S15 ,, -25"E direction. Moreover, two minor sets have been 
also observed trending N5°E-S5"W and N35"W-S35'E. Although the al- 
most E-W trending lineaments are few in their number proportion, yet 
they are extending for some considerable lengths along their strike and 
representing about 12.23% of the total lengths of lineaments in the 
considered plain. It is noted that some of the major fault lines and 
fractures of the almost E-W trend are commonly intensely silicified and 
ferruginated, thus they form dyke-like bodies as they are more resist- 
ant to weathering relative to the surrounding sands and sandstones. 

The curved lineaments delineated by the examination of LANDSAT*1 Folds 
satellite images are represented mainly by regionally important folds 
as well as by circular features denoting large-scale domal or basinal 
structures. Frequency distribution of 310 axes of the delineated fold- 
ing traces shows the presence of two main groups with their axes trend- 
ing N55°E-S55“W and N65"W-S65°E, in addition to a less abundant group 
of N25"E-S25"W trend. These represent 8.06%, 7.42% and 7.10% respec- 
tively of the total number of axial traces. Moreover, minor folds have 
their axes deviating widely around the E-W direction from N80°W-S80°E 
to N80"W-S80”E to N80"E-S80‘W representing altogether about 12.58% 
of all the axial traces (Table 3 and Fig. 8). Within the investigated 
Dakhla-Kharga Oases area each geomorphologieal unit is characterized 
by certain pattern (Fig. 5). r7r; .' ■ 
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El Sliaghab-El Nazzi Hills 

Two main groups of folds have been traced in this part of the in- 
vestigated area, with their axial traces trending generally in the N25°W- 
S25°E and N10"-30°E-S10 U -30°W directions. The first group is apparent- 
ly younger and it influences the Early Eocene sediments of Gebel El 
Nazzi and Gebel Rahinaniya, and these folds are plunging SE with 
smoothly rounded closures. The second older group is superimposed 
on the Late Cretaceous rocks to the southeast of Wadi El Shoki and 


TABLE 3 : Aiimurti frequency distribution of oics of fold trace* in the Khorgo - Dokhio Oom orta. 
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Geology of Khorgo-Daklila Oases Area from Landsaf-1 Satellite Images 


they are of sinuous plunging type with relatively sharp and tight clos- 
ures. 

West Thebes Plateau 

This part of the studied area is characterized by sinuous folding 
traces extending regionally in the NE-SW and NNW-SSE directions, 
which reveals two major folding systems with their axial traces trend- 
ing iNW-SE and N85 (, W-S85"E, respectively. The first folding is mani- 
fested in the limestone plateau on the western side of Nile Valley, 
and it is represented by open folds slightly plunging to S-E. The sec- 
ond folding system is exhibited by regionally extending set of sinuous 
linc|ations and crenulations along the eastern escarpment bounding 
Kharga Oasis Depression which continue further southeastward to join 
Sin El Kaddab escarpment. Accordingly, this folding is a major one 
of regional extension and includes some smaller folds represented by 
minor crenulations of parallel trends. Folds of this set are usually 
of the open type but slightly plunging to E-S-E, Moreover, some cir- 
cular structures have been delineated from the LANDSAT-1 satellite 
images in the West Thebes Plateau. These are represented by doubly- 
plunging anticlines or sometimes by domal structures superimposed on 
the Early Eocene limestones, with their long axial traces generally 
trending in the NNE-SSW direction. 


Kitnrga Oasis 

Few curved lineaments are being traced in this part of the investigat- 
ed area which are superimposed mainly on the Late Cretaceous rock 
exposures of sandstones and shales-clays belonging to the Nubian Sand- 
stone and El Mahariq Formation. These are generally sinuous open 
folds having two main axial traces trending in the N-15"W-SiL5 n E and 
N15 E-S15"W directions and they are slightly plunging to N-W and N.E. 
respectively. Moreover, some localized minor folds possess oval or cir- 
cular closures with their axial traces trending mostly N-S. It is note- 
worthy that there is a great coincidence of the main fault lines and 
fold axes trending generally N-S in Kharga Oasis Depression. Ghobrial 
(1967) believes that the NNE-SSW and the NNW-SSE fold axial trends 
have a compensating effect on each other, thus producing N-S regional 
general trend. 


Field investigations indicate that Kharga Oasis is occupied by 


three main folding traces trending generally N-S, including a middle, 
eastern and western one (Fig. 9) . The middle folding trace is repre- 
sented by a series of dissected double plunging anticlinal folds which 
exhibitl curviplanar axial planes and undulating hinge lines.* The mid- 
dle folding trace is nearly continuous from the north of the Kharga 
Oasis Depression, to Garmashin and is often following the same course 
passing by Gebel El Qarn. Gebel Abu Bayan El Bahari, then extend- 
ing for some kilometers southwards. The eastern folding’ trace is re- 
presented by a series of dissected double plunging synclines with cur-. 
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viplanar axial planes and undulating hinge lines. It passes from north 
to south by Gebel Unnn El Glianayim, Gebel Ghanima, Nagab Esna, 
Ain; Tafnis and continues southwards between Gebel El Qarn and 
Dusli domes for some kilometers. The western folding trace is dis- 
sected, and is of double plunging synclinal nature also, with curvt- 
planar axial planes and vindicating hinge lines. It passes, from nortlv 
to south, by El Teir Tarawan, Umm El Nesshn, west of Gebel El 
Qarn, Gebel Abu Bayan El Wastani and extends for some kilometers 
southwards. 

These three main folding traces are often complicated by subsidiary 
traces of small magnitudes exhibiting' the same trend in general. More- 
over, greater complications are attained by the latter association with 
some major faults. 

An important structural feature is noticed in the Kharga Oasis 
part of the investigated area where a series of double plunging anti- 
clines and synclines are located on roughly ENE-WSW lines. The in- 
tersection of these fold traces with the N-S folding traces often show 
domal or basinal structures according to the type of the intersected 
folds. Chronologically, the ENE-WSW folds are seemingly younger 
as they dislocate the Early Eocene sediments. These folds are of 
limited magnitudes when compared with the N-S folds. 

El Kharafish-Abu Tartar IMalrau 

The N65 rt W-S65 i E traces of fold; axes represent the 'only common 
trend in this part of the investigated Kliarga-Dakhla Oases area. This 
is super-imposed on the Late Paleoeene and Early Eocene limestone 
rocks covering the plateau, ' Other trends have been also observed 
but are of minor extensions representing small crenulated lineaments 
in the eastern side of the plateau with sharp chevron closures plung- 
ing eastwards. ■■■■ 

Daklila Oasis 

There are two main folding sets traced in the Daklila Oasis, with 
their axial traces trending N25°E-S25"W and N45‘'E-SI5''W. Folds of 
the first set are more abundant and their axial traces generally coin- 
cide with the predominating faults and fracture lines traversing this 
part of the investigated area. These folds are generally of the sinuous 
type plunging to N-E and their northeastern sides are sharp chevrons 
wlvilq their southwestern sides have a circular closure. This set con- 
stitutes a series of alternating minor anticlines and synclines within 
the major syncline of the Daklila Oasis. The circular feature impos- 
ed on Gebel Edmonstone belongs to this folding which may be repre- 
sented by a doubly plunging fold. Other curved lineaments have been 
traced in Dakhla Oasis With a&ial traces trending N5 U E-S5"W and 
NJ5‘-'W-S15 U E but they are of minor abundance though of similar fea- 
tures to the previously mentioned folds. 
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West Kliarga Oasis Plain 

This part of the investigated area is formed mainly of Nubian 
Sandstone mostly covered with wind-blown sands, and sand dunes and 
its surface is seemingly highly Weathered. Few curved and circular 
lineaments have been recorded in this plain where the traces of fold 
axes, though variable, are assuming two main trends in the N25°E- 
S25°W and N65"E-S65 U W directions which represent the relatively old- 
er folding in the studied area, 

The main structure separating Kliarga Oasis from Dakhla Oasis 
is bcjst manifested in West Kharga Oasis Plain. As mentioned above, 
the fold axial traces are represented by the N25”E-S25 n W and N65° 
E-S65"W trends. The former fold axial trace is also well represented in 
El Kjharafish-Abu Tartur Plateau northwards of Dakhla and Kharga 
Oases. The folding with axial traces around the NE-SW direction coin- 
cides with the Well known Laramide diastrophism acting on the Egyp- 
tian territories during the late Cretaceous-early Tertiary. The domin- 
ance of the NNW-SSE fractures between Dakhla Oasis and Kharga 
Oasis is mainly a reflection of the Laramide folding. 



1 Chapter 3 


Geology 


A new geological map for Kharga-Dakhla Oases area (Fig. 4) is con- Introduction 
structed on a scale of 1:500,000 from LANDSAT-1 satellite images 
which shows the following geological units. 

The | basement rocks are represented on the geological map of the Basement 

Kharga-Dakhla Oases area by two units, namely Aswan monumental 
granite (Fig. 13) and basic rocks associated with it. Both form small 
bodies outcropping in the vicinity of Abu Bay an locality. In age, Aswan 
monumental granite is at the boundary between the Precambrian and 
the Cambrian and it is believed to form the Basement in the investigat- 
ed area, on which the sedimentary cover has been laid down. On the 
LANDSAT-1 satellite images, the granite in question is of light grey 
to bright yellow colour and possesses Tine to medium texture. The rock 
has been previously described by Marrei (1967) and it resembles the 
porph.yriv.ic peralkaline granite with rapakivi texture typical of Aswan 
area. Most of the exposures at Abu Bayan including Gebel Abu Bayan El 
Bahari and Gebel Abu Bayan El Qibli are constituted of this granite. 

How'ever, basic granite associated with partly digested xenoliths of 
various dimensions of gneisses and schists are out-cropping at Gebel 
Abu Bayan El Qibli. The latter rocks appear in a relatively darker 
grey tone and are of coarse irregular surface texture as compared to 
the normal Aswan monumental granite. However, some xenoliths of 
small size are abundant in the normal granite. 1 
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Of special significance is the structural setting of the postorogenic 
granite masses and their spatial distribution in the studied area, where 
they are found almost in horst-like forms with elongated orientation, 
scattered along the major fault lines (Fig. 9) , The flanks of granite 
outcrops at Gebel Abu Bayan El Bahari and Gebel Abu Bayan El Qibli 
are overlain by Nubian Sandstone with dipping angles and directions 
assuming domal structures, which are confirmed by the presence of 
double-plunging anticlines (Fig. 14) super-imposed on the Late Cret- 
aceous, Paleocene and Early Eocene sediments exposed to the east 
of these granite masses, and the synclinal or basinal structure developed 
at Gebel Abu Bayan El Wastani. The axial traces of these alternating 
anticlinal and synclinal structures are found to coincide generally with 
the fault lines trending ENE-WSW along which the granite outcrops 
are located. These structures are evidently associated with regional 
uplifting in the southern part of the investigated area leading even- 
tually to the outcropping of the Basement or to its presence at rela- 
tively shallower depths as compared to the northern part of the Kharga- 
Dakhla Oases area. 


Sedimentary 

Cover 



Nubian Sandstone 

On I the LANDSAT-1 satellite images, the Nubian Sandstone could be 
differentiated into three main members according to their colour tone, 
texture and surface pattern. However, due to the presence of com- 
mon intercalations, and the abundance of wind-blown sands and small 
sand dunes lineating the surface exposures of these members, especial- 
ly in the West Kharga Oasis Plain, it was sometimes difficult to put 
sharp boundaries between them and inferred boundaries are delineated 
instead. On LANDSAT-1 satellite images, the oldest member, namely 
the White to Purple Sandstone Member, has a light grey to yellowish 
grey colour and fine to medium texture, sometimes with irregularly 
scattered patches of darker tone and coarser granular texture possess- 
ing the features of the uppermost member of the Nubian Sandstone. 
The White to Purple Sandstone Member is constituted mainly of white 
to purple cross-bedded sandstones with thin shale intercalations, and 
itj is well developed in the southwestern sector of the investigated area 
Where its exposures are partly covered with accumulating eolian sands 
and occasionally showing silicified and ferruginated fractures (Fig. 
15) . The nearest equivalent to the discussed member is « Abu Bayan 
Sandstone and Shale Member » given by Awad and Ghobrial (1967) to 
the basal Nubian Sandstone beds directly overlying the granite at Abu 
Bayan. 

■ To the northeast and northwest the White to Purple Sandstone 
Member is either overlain or is changing laterally into red and purple 
clays with alternating beds of grey shales and sandy shales, which 
constitute the Red Clay Member of the Nubian Sandstone. On the 
LANDSAT-1 satellite images, the latter member has a specific greyish 
green to medium grey tone and smooth surface of very fine texture. 
The Red Clay Member is often exposed at Kharga Oasis along some 
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cores of the double plpnging anticlines present in the Oasis. It also . 
occupies the floor of Dakhla Oasis Depression (Fig. 161 surrounding 
the southern limit of cultivated lands in this oasis, 

• . ■ • .1 i 

The topmost delineated unit belonging to the Nubian Sandstone 
is the Brown Ferruginous Sandstone Member which is constituted of 
reddish brown to dark cross-bedded 'ferruginous sandstones with com- 
mon shale interbeds (Fig. 17, IS and 19). This member is sometimes 
capped with black partly quartzitic sandstone (Fig. 20) . It is well ex- 
posed along the foot-hills of the northern escarpment, around Gebel 
Taref and Qarn Ginah, and to the south of El Kharafish-Abu Tartar 
Plateau (Fig. 21). It also forms the topmost beds of the White to 
purple sandstone hills in the southwestern part of the investigated 
area. The Brown Ferruginous Sandstone Member appears on LAND- 
SAT-1 satellite images with a characteristic dark grey to greyish black 
tone, medium to coarse texture and irregular surface. It is some- 
tunes lineated with small sand dunes or striated with wind-blown sands, 
especially occupying the ravines and fracture lines. The latter sands 
are generally of light grey to yellowish tone, fine to medium texture, 
and forming distinctive streaks in contrast to the surrounding rocks, 
especially along' the foot-hills of escarpment and mountain slopes. It is 
noted that some exposures of the Brown Ferruginous Sandstone Mem- 
ber are 1 surrounded by lighter patches of the White to Purple Sand- 
stone Member} especially in the southwestern sector of the investigated 
area. The sedimentation of the Nubian Sandstone is terminated in 
Late Cretaceous. 

It is important to j correlate the present classification of the Nub- 
ian Sandstone and the overlying El Mahariq Formation! with the 
nomenclature used by Hefmina, Ghobrial and Issawi (1961) and Her- 
mina (1967) for these geological units. In the first reference, the 
authors divided Nubian Formation in ; Dakhla area into two lithologic 
units, namely a lower Unit I corresponding to} the red clays occupy- 
ing the Dakhla Oasis Depression, and Unit II corresponding to the 
overlying sandstone, sandy clay and shale. In the second reference, 
on the geology of the northwestern approaches of Kbarga, the author 
considers the Variegated Shale as the topmost formation of the Nubia 
Gi'oup with the former being essentially constituted of varicoloured clay- 
stones, sandy clay and shales, which incorporate the red clays occupy- 
ing the floor of Dakhla Depression, with interbedded minor sandstone 
streaks and pockets. - 

The differences between the present work and those of the prev- 
iously mentioned authors are due essentially to two reasons. The first 
one is related to the adopted nomenclature for the geological units, 
while the second is due to the more detailed nature of the present work. 
Regarding nomenclature the Variegated Shales or the corresponding 
El Mahariq Formation should not be considered as a unit of the Nub- 
ian Sandstone, as the latter type locality in Nubia does not incorporate 
the former. So the present approach in this respect is in conformity 
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with the rules of international stratigraphic nomenclature. Further- 
more, the Nubian Sandstone proper is divided into three members in the 
present work all of them have clays within their sections, but in the mid- 
dle member the red clay is dominant and, accordingly, it is called the 
Middle Clay Member, This agrees well with the stratigraphic divisions 
of the Nubian Sandstone in Aswan area, where the middle member 
has abundant clay with notable reddish colouration and red hematitic 
iron ores and it is termed the Iron Ore Member. The Red Clay Mem- 
ber term used, in the present work, in Dakhla-Kharga Oases area cor- 
responds lithostratigraphically to the Iron Ore Member in Aswan area. 
According to Hennina, Ghobrial and Issawi (19(11) and Hermina (1967) 
all the clays and the intervening* sandstone underlying the phosphate 
unit are lumped together as Unit I or Variegated Shales. In the pre- 
sent work, these are distinguished and mapped as three units, namely 
El Mahariq Formation corresponding to the proper Qusseir Variegated 
Shales, and the Brown Ferruginous Sandstone Member and the Red 
Clay Member corresponding to the upper and middle units of the Nub- 
ian Sandstone. The differences between the present work and those 
of the previous authors do not bear on the importance of the role 
of the Red Clay in the Kharga-Dakhla Oases area. 

V -| . • 

Wadi Abbad Formation, El Mahariq Formation 

Wadi Abbad Formation represents the clayey shales overlying the 
Nubian Sandstone and underlying Sib.ai.ya Phosphate Formation along 
Wadi Abbad on the eastern side of the Nile V alley to the north of Idfu 
(El Shazly, Abdel Hady, El Ghawaby and Ei Kassas, 1974-b). In the 
eastern part of the Kharga-Dakhla Oases area, this formation is ex- 
posed between the northern reaches of Wadi Rimidin and Wadi Kheiber, 
with a relatively limited extension forming an elongated exposure of 
general NW-SE trend. On the LANDSAT-l satellite images, Wadi 
Abbad Formation shows a light to medium grey tone and a medium 
to coarse granular texture. 

, El Mahariq Formation is a new formational name of Late Creta- 
ceous age in Kharga and Dakhla Oases which is generally equivalent 
to Wadi Abbad Formation in the Nile Valley, and Qusseir Variegated 
Shales in the Red Sea region. Lateral changes in lithology are noted 
in these generally equivalent formations along the~long distances from 
the Red Sea eastwards to the westward reaches of Kharga-Dakhla 
Oases area. 

: El Mahariq Formation is named after its type locality where it is 
well exposed in the area to the north of El Mahariq village in Kharga. 
Oasis. It is also exposed at Gebel Taref and in the area to the east 
of El Gaga and Baris villages, as well as along the western flanks of 
Ain Amur ridge. On the LANDSAT-l satellite images, the formation 
in question possesses a medium to dark green colour of greyish tone 
and fine texture of irregular surface. This formation is generally com- 
posed of multi-coloured shales, mostly greenish, brownish and purple. 
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With thin intercalations of ferruginous siltstone, sandy clay and sand- 
stone beds (Fig. 22). 


Sibaiya Phosphate Formation, Kharga-Dakhla Oases Phosphate Forma- 
tion, Sudr Formation 

The phosphate-bekring formations are given different names in the 
Nilk Valley and westwards in Dakhla and Kharga Oases as compared 
to the Red Sea due to the variable lithologic characteristics of these 
formations in these main regions of phosphate deposition. While in the 
Red Sea region the term Gebel Duwi Phosphate Formation is used, 
in the Nile Valley Sibaiya Phosphate Formation (El Naggar, 1971) is 
the adopted terminology, while in Kharga and Dakhla Phosphate For- 
mation is introduced. These formations are correctable, being of Late 
Cretaceous age but they show wide variations in lithology due to lateral 
changes in their facies and environments of sedimentation. Further 
westwards and northwards from Dakhla Oasis, the Kharga-Dakhla 
Oases Phosphate Formation passes laterally into the Late Cretaceous 
Sudr Formation constituted of chalk and chalky limestone. 

On the LANDSAT-1 satellite images, the Sibaiya Phosphate For- 
mation has a light to medium grey tone and coarse to relatively very 
coarse texture and granular surface. This formation is widely spread 
in | Wadi Abbad, Sibaiya, Wadi Hegaza and other localities in the Nile 
Valley. Sibaiya Phosphate Formation is rather thick and it is constitut- 
ed of phosphate beds separated by dark grey shale, marl, grit and fos- 
siliferous limestone. Its middle horizon is occasionally highly siliceous 
and containing lenticular bed, nodules and pebbles of chert. 

The Kharga-Dakhla Oases Phosphate Formation appears in the 
LANDSAT-1 satellite images as an elongated strip of medium grey tone 
and texture. It lies conformably on El Mahariq Formation. The basal 
bed of the Kharga-Dakhla Oases Phosphate Formation is often con- 
stituted of highly fossiliferous phosphatic or phosphate bed as record- 
ed in Gebel El Teir, Gebel Tara wan, Gebel Um El Ghanayem,.., etc. It 
is often present as one bed but sometimes it is exposed as more than one 
phosphate bed separated by shale, mudstone and poorly phosphatic lime- 
stone beds. The latter case is rather clear along the slopes of El Kha- 
rafish-Abu Tartiir Plateau where the main bed is about 4 m thick be- 
ing constituted of greyish brown to dark grey phosphates (Fig. 23). 
Moreover, a hard phosphate bed, 20 cm thick, is recorded in the upper 
horizon of the discussed formation in the same locality. The lithologic 
character of this bed is generally similar to the beds of the middle 
phosphate bearing member of East Luxor phosphate deposits in the 
Nile Valley (Salman, 1974) with the notable absence of chert in the 
first. To the northeast of Gebel Edmonstone, the Kharga-Dakhla Oases 
Phosphate Formation is outcropping along the slopes of some hills 
where it is composed of two phosphate beds; the lower one is 80 cm 
thick, yellowish brown, hard, massive and it overlies yellowish brown 
mudstone bed which incorporates phosphate fragments and a thin plios- 
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phate band. The main phosphate bed in this locality is overlain by yel- 
lowish grey shale chalk veinlets. The upper phosphate bed is 20 cm 
thick of conglomeratic nature, and is directly capped with chalk and 
brown massive partly silicious and clayey limestone lenticular beds be- 
longing to Sudr Formation. 

Sudr Formation is exposed only in the northwestern part of the 
studied area, where it is correlatable with the Kharga-Dakhla Oases 
Phosphate Formation exposed eastwards. However, there is a transi- 
tional zone where the two formations are found together with Sudr 
Formation overlying Kharga-Dakhla Oases Phosphate Formation (Fig. 
24). On the LANDSAT-1 satellite images, Sudr Formation could be 
differentiated into two members. The lower White Chalk Member is 
the lower unit, it appears on the images as irregular patches with 
smooth surface of fine texture and a characteristic white colour with 
bluish tint. It is formed mainly of chalk beds with some intercalations 
of chalky limestone (Fig. 25). 

On the other hand, the upper Brownish Limestone Member is con- 
stituted of brownish and greyish massive crystalline limestone which 
is partly silicified and lenticular. On the LANDSAT-1 satellite images, 
it has a light grey colour with scattered white spots, and shows me- 
dium texture of irregular surface sometimes lineated with small sand 
dunes and eolian sand accumulations. In some localities, the Brownish 
Limestone Member is partly covered with lag gravels formed in place 
from the broken surface of the rock. This feature gives such surfaces 
in the images a darker tone of grey or greenish colour. 

The Lower Esna Formation, Dnklila Formation 

This is attributed mainly to the Early Paleocene although its depo- 
sition may have been started at the end of the Late Cretaceous. On 
LANDSAT-1 satellite images, this formation is classified into two 
members. The lower member shows a dark greyish green tone, gran- 
ular surface of medium to coarse texture, and it is composed mainly 
of dark grey to brownish shale with ferruginous mudstone interbeds. 
The upper member is characterized by its relatively lighter grey to 
yellowish green colour and smooth surface of fine texture. This mem- 
ber is composed of pale grey shale (Fig. 21) alternating with bands 
of fossiliferous sandy limestone. These two members are generally 
equivalent to the « Mawhoub Shale Member » and the « Kharga Shale 
Member », respectively (Awad and Ghobrial, 1967) . From the pre- 
sent geological map (Fig. 4), it is found out that the discussed for- 
mation, especially its lower member, is well developed in the eastern 
side of the studied area, and diminishes northwestwards where its 
upper member is represented only by some beds forming the outliers 
of the elongated ridge between Gebel Edmonstone and Qur El Malik. 

Gebel Garra Formation, Tarawan Formation 

This formation of Paleocene age is essentially formed of chalk, 
limestone and their intercalations (Fig. 26), as well as some substantial 
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beds of marl and shale. Oh the satellite images and in the field, Gebel 
Oarra Formation js diYMled into a lower Chalk-Chalky Milestone Mem- 
ber and an upper Cavernous, Massive Limestone Member. The lower 
member has a bright white colour, fine texture and smooth surface, 
where it is made up essentially of chalk passing into chalky limestone. 

It forms the top of some mountains in the area such as Gebel Tarawan, 

Gebel El Teir, Gebel Taref, Gebel Edmonstone and Qur El Malik. The 
upper member is constituted of cavernous to massive limestone, oc- 
casionally with thin bands of marly or siliceous limestone. It appears, 
on tire satellite images, in a whitish to light grey coiour with a granular 
to striated surface of fine to medium texture. 

Upper Esnn Formation 

The stratigraphic position of this formation is at the boundary 
between Late Paleoeene and Early Eocene. It is formed mainly of ' 
shale layers with some thin limestone bands and tending to be argil- 
laceous towards the base and calcareous towards the top. The Upper 
Esna Formation is distinguished on the LANDS AT-1 satellite images 
by its yellowish green to light brownish grey colour and medium gran- 
ular texture. 


Gebel Semi Formation 

This formation is equivalent to Thebes Formation or Luxor For- 
mation of Early Eocene age. It is well developed and widely distribut- 
ed in the eastern part of the investigated area, where it forms the con- 
spicuous mountains of Shaghab-El Nazzi Hills and the extensive West 
Thebes Plateau (Fig. 4). According to the LANDS AT-1 satellite images 
interpretation, confirmed by ground check, this formation is divided 
into two members equivalent to the previously mapped image units dis- 
tinguished in West Aswan Area (El Shazly, Abdel Hady, El Ghawaby 
and El Kassas, 1974-b) . The basal member of the Gebel Serai Forma- 
tion is formed mostly of chalky limestone (Fig. 27) with chert and 
flint intercalations and it is characterized by its light greenish white 
colour and smooth surface of fine to medium texture. The upper mem- 
ber of this formation is identified on the images by a relatively darker 
greenish white colour, medium to coarse Texture and granular surface. 
This member is constituted essentially of massive siliceous and partly 
caverneous limestone (Fig. 2S) , occasionally marly or cherty. The ex- 
posures of both units of Gebel Serai Formation are sometimes cover- 
ed with lag gravels imposing some irregular patches of darker green- 
ish grey tone on their surfaces (Fig. 27). 

■ 1 

Gebel Qatrani Volcunics 

They are mostly represented by some sheets and dykes of Oligo- 
cene basalts exposed in the southwestern part of the investigated area. 
They are found as separate or isolated masses and hills having a conical, 
oval or hump-shape outcropping in the Nubian Sandstone. The volcanic 
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activity has been accompanied by hydrothermal solutions giving the 
ferruginated and silicified zones along some faults and fracture lines 
acquiring general E-W and ENE-WSW trends in the surrounding Nub- 
ian Sanstone. In the satellite images, the basalts are characterized 
by a black to very dark grey colour with a fine texture and granular 
surface. 

i ....... 

Wadi El Madainud Formation 

The Pliocene sediments are rex3resented in the studied area by 
one formation particularly developed along Wadi El Madamoud on 
the eastern side of the Nile Valley. It occupies the high terraces of 
absolute level almost between 200 m and 300 m, capping various older 
rock units. Wadi El Madamoud Formation is a new formation name 
given here to some horizons of lacustrine screen deposits, which is prob- 
ably equivalent to Issawia Formation proposed to extend along the 
middle reaches of the Nile Valley from Esna to Manfalut (Said, 1971) . 
Two members are distinguished within Wadi El Madamoud Formation. 
The lower Sand-Clay Member shows a medium grey tone and fine to 
medium texture with relatively smooth surface. It is constituted mainly 
of brownish limestone blocks associated With abundant sandy and 
clayey materials. Exposures of this member are found as small patches 
overlying older rocks belonging to Sibaiya Phosphate Formation, Upper 
Esna Formation, and Gebel Serai Formation. The Upper Gravel-Con- 
glomerate Member is very distinct on the LANDSAT-1 satellite images 
due to its dark grey to brownish grey colour, medium to coarse texture 
and irregular surface with a dense pattern of minute drainage lines. It 
forms some isolated occurrences overlying the lower member, as well 
as some limestone beds of Gebel Serai Formation. It is constituted 
mostly of limestone pebbles breccia and conglomerate with some sands, 
clays and shales. 

Pleistocene-Holocene Sediments 

These sediments have been distinguished on LANDSAT-1 satellite 
images of the Kharga-Dakhla Oases area into calcite deposits, Darb 
El Gallaba gravels and silty-clay lake deposits which are partly salty. 
The calcite deposits form irregular patches of light grey tone and fine 
texture, exposed in “some localities of relatively low level on the West 
Thebes Plateau. Such calcite deposits may be originally related to late 
hydrothermal activities of the late Pliocene-early Quaternary, which 
have been partly mobilized and redeposited under the climatic conditions 
prevailing in the later Quaternary (El Shazly, Abdel Hady, El Ghawaby 
and El Kassas, 1974-b). 

Darb El Gallaba gravels are found in the southeastern part of the 
investigated area, representing the northern extension of its large ex- 
posure in the West Aswan area (El Shazly et ah 1974-b). 

The Lake deposits are constituted mainly of horizontally bedded 
clays, silty-sandy clays and sands with some small and thin salt crusts. 
They usually contain some scattered patches of natural vegetation, 
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and sometimes they base ft thin coven of eollan sands, Considerable 
occurrences of these lake deposits have been, delineated at some low 
areas in the f loons of Kharga and Dakhia Oases (FJgg 201 , They ap- 
pear on the LANPSAT4 satellite images in a medium to dark grey 
tone. cine to their relatively high moisture content, and they possess fine 
texture and smooth surface, These lake deposits appear suitable for 
plant growth as they are already greatly used for cultivation at pre- 
sent. 1 

Holocene Sediments 

These include eluvium and terrace deposits, wadi alluvium, Nile 
nlluvium, sand dunes, surfielai deposits of eolian sands and sand ac- 
cmnulations, water ponds, sporadic and dense cultivation. 

The eluvial deposits are found along the mountain downslopes or 
as terraces between their foot-hills and the intervening wadis. They 
show widely different features depending on the original rocks from 
which they have been derived. The eluvial deposits derived from Late 
Cretaceous rocks are mostly sandy and clayey having a light grey to 
yellowish colour on the satellite images. Eluvial deposits derived from 
paleooeno rocks are mainly constituted of shales sometimes with marl 
and chalk concretions, and they possess a darker grey tone with scat- 
tered light patches due to the variation in their constituents, The eluvial 
deposits derived from Early Eocene rocks are composed of almost 
homogeneous calcareous soil having a light greyish-green colour with 
some dark patches when mixed with gravels and pebbles. 

The wadi alluvium distinguished In the Kharga-Dakhla Oases area 
includes two lithologic units with some variations, along themselves. In 
the upper reaches of most wadis, the filling materials are generally 
sandy and sometimes gravelly, having medium grey colour and medium 
to coarse texture of irregular surface. On the other hand, the lower 
parts of many wadis are mostly covered with clayey to limy soil of light- 
er grey tone and finer texture, 

Nile alluvium, occupying the wide plain on both sides of the 
cultivated lands of the Nile Yalley, is constituted mainly of clay, silt 
and sandy material which appears on the satellite images in it light 
grey tone and very fine texture of smooth surface with widely spaced 
long drainage lines. 

The sand dunes in the Kharga-Dakhla Oases area can be different- 
iated on the LANDS AT4. satellite images Into two units. The first 
one is of local extension, mostly of crescent type having relatively 
small dimensions, they are commonly associated with eolian sands', 
and show yellowish grey colour and fine to medium textures, Heaps of 
sands forming such dunes are found in the depression of Kharga Oasis, 
especially near Baris and surrounding Ginah ns well as those to the 
east of Gehel El Telia In tire Dakhla Oasis, they cover the area to QRUtINAL P AGE Ifc 

the west of Gehel Edroonstone and some parts along Darb El Qhabari, OF POOli QIUALITY 
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The second unit of sand dunes is generally of elongate type forming 
very long and extensive belts which are extending further northwards 
and southwards outside the mapped area. These sand dune belts have 
certain directional trends, mostly NNW-SSE with some deviations to 
NW-SE or N-S directions. Statistical analysis for the number and 
length proportions Of the various directional trends of the main sand 
dune belts has been carried Out for those delineated from LANDSAT-1 
satellite images of March 1973 and compared with the analysis of belts 
shown on the previous maps published on similar scale during 192S 
and 1943 (Table 4 and Fig. 10). This study revealed a general east- 
ward movement of the main sand dunb belts in the area, with an aver- 
age of about 10" difference over mote than 45 years, which may be 
mostly due to cyclic seasonal variation in the prevailing wind direction 
or to the greater eastward movement of the northern parts of the 
dune compared to its southern parts. It is noticed that most of the 
sand dune belts in the Kharga-Dakhla Oapes area are southwardly end- 
ed almost at topographic contour of 400 m absolute level, or they are 
stopped at the northern foot-hills of some mountains such as at Gebel 
Taref and Gcbcl Abu Bayun E! Wastnni. 

At their southern limbs most of the sand dune belts are bifurcat- 
ing in an interfingering structure with the exposed cocks, indicating 
their shallowness at these places and recent accumulation in this direc- 
tion. 

The surficial deposits, eolian sands and sand accumulations cover 
vast extensions in the western and southwestern parts of the investigat- 
ed area. The western side of the area is covered with thick sand ac- 
cumulations and a wide sand dune belt constituting a part of the known 
Great Sand Sea which is extensively developed westwards. Also, sur- 
fieial deposits of eoiian sands constitute, the filling materials in-be- 
tween the major sand dune belts. Moreover, they may include some 
small dunes of relatively small and limited dimensions. These sediments 
are considered as recently transported sands from the surrounding 
sand dune belts and from the disintegration products of the surround- 
ing Nubian Sandstone and other formations subjected to erosion and 
wind action. On the LANDSAT-1 satellite images, the locations cover- 
ed by these sediments have generally a light yellow colour and fine 
texture, sometimes with greyish tone and medium texture due to varia- 
tion of their source rocks. 

Some small and shallow lakes and water ponds have been identified 
accurately on the LANDSAT-1 satellite images, where they occupy some 
of the relatively low parts within the depressions of the Kharga and 
Dakhla Oases, These water bodies have a notable configuration and 
orientation where they are arranged nearly along some structural 
linen, tions, especially along fractures and faults, and also parallel to 
the depressions boundaries. 

Dense cultivation along the encountered part of the Nile Valley, 
and sporadic cultivation in the newly I’eclaimed bunds around it and 
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dispersed cultivation iu the Kluuga and Dalchla Oases, have been ac- 
curately delineated on the map. The sporadic cultivations are general- 
ly of lighter tone and less density than the dense cultivations. It has 
been also possible to distinguish on the LANDSAT-i satellite images 
of March 1073 between the green and dry cultivations, 
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FIGJ9) SCHEMATIC STRUCTURAL MAP FOR KHARGA OASIS 
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